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Specification 

1. Title of the Invention 

Method for Preparing Microcrystalline ZSM-5 Type Zeolite 

2. Claims 

(1) A method for preparing a microcrystalline ZSM-5 type zeolite, wherein 
when an aqueous solution containing a silica source, an alumina source, an alkali source, 
and a quaternary alkyl ammonium salt is heated under reflux at a normal pressure, the 
molar ratio Si02/H20 of the silica source and water is defined in the range from 5 to 20, 
and the heating under reflux is continued for 6 to 13 days. 

(2) A method for preparing a microcrystalline ZSM-5 type zeolite (including 
silicalite), wherein when a solution containing a silica source, an alkali source, and a 
quaternary alkyl ammonium salt is heated under reflux at a normal pressure, the molar 
ratio Si02/H20 of the silica source and water is defined in the range from 5 to 20, and 
the heating under reflux is continued for 6 to 13 days. 

3. Detailed Description of the Invention 

The present invention relates to a method for preparing a microcrystalline 
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ZSM-5 type zeolite having an order of submicrons or less (including a silicalite). 

Mobil Oil Co., Ltd. has developed a ZSM-5 type zeolite catalyst as a shape- 
selective catalyst for the preparation of hydrocarbons having high-quality gasoline as a 
main component from methanol or dimethyl ether in 1970's. This zeolite can control 
the composition Si02/Al203 ratio arbitrarily, unlike a conventional zeolite, but has 
excellent properties such as very high heat resistance, and the like, and by enhancing its 
characteristics, it is possible to produce a lov^er olefin as a main product of the 
conversion reaction of methanol or dimethyl ether. For example, according to the 
specification of Ger. Pat No. 2935863, it is known that an activated zeolite having 
Si02/Al203=35 to 1600 (H-ZSM-5) yields a lower olefin (having 2 to 4 carbon atoms) 
by the conversion reaction of methanol at a temperature ranging from 350°C to 600°C 
in a highest yield of 70. 1 wt%. In this case, it is specified that the optimum 
composition and the reaction temperature of the ZSM-5 type zeolite catalyst are 
Si02/Al203=298 to 500 and 550°C, respectively, in the Examples. Therefore, it can be 
appreciated that for the preparation of a hydrocarbon having a lower olefin as a main 
component from methanol or dimethyl ether, it is advantageous to elevate the reaction 
temperature to a possibly maximum extent, but in such a conversion reaction of 
methanol at a high temperature, even a ZSM-5 type zeolite catalyst having high heat 
resistance may show a phenomenon of rapid deterioration of a catalyst around a reaction 
temperature of 550°C in many cases. Thus, in order to prepare a lower olefin for a 
long period of time in a high yield as well as without involving rapid deterioration of a 
catalyst, using a methanol or dimethyl ether as a raw material at a temperature of 500°C 
or higher, it is necessary to tactfully prepare a ZSM-5 type zeolite, which is likely to not 
cause the activity to be deteriorated at a temperature of 550°C or higher. 

From these viewpoints, the present inventors have made extensive 
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investigations on the development of a ZSM-5 type zeolite, which hardly causes 
deterioration at a high temperature in the conversion reaction of methanol and/or 
dimethyl ether to advantageously produce a lower olefin at a high temperature of 500°C 
or higher. As a result, they have obtained knowledge that a microcrystalline ZSM-5 type 
zeolite having a crystal particle diameter having an order of submicrons or less is 
appropriate for the purpose, and further, a catalyst having as a main component a ZSM- 
5 type zeolite obtained by subjecting the ZSM-5 type zeolite having such a crystal 
particle diameter to an activation treatment has a very low amount of cokes to be 
precipitated in the conversion reaction of methanol and/or dimethyl ether at a high 
temperature of 500°C or higher. Accordingly,the lower olefin yield is also high, and 
from the viewpoint of the life time of the catalyst, it is highly advantageous for the 
preparation of a lower olefin, thereby leading to completion of the present invention. 
In particular, it is emphasized that any one of the ZSM-5 type zeolite catalysts prepared 
in the present invention has a yield of a lower olefin which highly exceeds the 
maximum value of 70. 1 wt%, of the yields of a lower olefin as specified in the 
specification of Ger. Pat. No 2935863 in the conversion reaction of methanol at a high 
temperature of around 550°C [for example, for the catalyst of Sample No. 12 below, 
89.36 wt% at 560°C (88.97% in terms of carbon)], and further, imparts a much higher 
yield of a lower olefin even at a higher temperature of 600°C, as seen in Example 14 
below, and in addition, the catalyst as shown in Example 15 maintains 71.30 wt% 
(71.49% in terms of carbon), a value which is higher than the highest value of the yield 
of a lower olefin in the method in the above-described Patent, even after 113 hours in 
the conversion reaction of methanol at 550°C. 

Conventionally, as seen from a number of Patent Documents or national or 
international research articles regarding a ZSM-5 type zeolite, for a method for 
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preparing a catalyst for the preparation of a hydrocarbon containing a lower olefin, 
using methanol or dimethyl ether as a raw material, crystallization is performed in many 
cases under a condition of hydrothermal synthesis at a high temperature and a high 
pressure at around 150°C, using an autoclave usually in order to elevate the 
crystallization rate. This method has advantages that a desired zeolite can be 
synthesized in a relatively short time, a high quality euhedral ZSM-5 type zeolite crystal 
having an order of microns or higher can be synthesized, and others, even though it 
requires severe synthesis conditions and costs, based on the fact that a high-pressure 
reaction vessel (autoclave) should be used, the reaction temperature should be higher 
than a temperature for the production of a naturally depositing zeolite, and others. 
Moreover, as disclosed in the specifications of USP No. 4083888 and USP No. 4083889 
relevant to the Patents of Mobile Oil Co., Ltd., if the conversion reaction of methanol is 
carried out using a large ZSM-5 type zeolite crystal obtained by such a method as a 
catalyst, excellent characteristics as a shape-selective catalyst, that is, a higher 
selectivity to ethylene in the resulting hydrocarbons, is shown in the aspect of the 
catalyst reaction. During the research courses leading to the present invention, the 
present inventors have also carried out the conversion reaction of methanol and/or 
dimethyl ether by using an autoclave or by using a high ratio of H20/Si02 to be injected 
to synthesize an euhedral, high-quality, large crystal ZSM-5 type crystal, in order to 
obtain an ZSM-5 zeolite catalyst for obtaining a lower olefin with a high selectivity. 
As a result, it was confirmed that a shape-selectivity effect that gives an increased 
selectivity to ethylene as specified in the specification of Patent of Mobile Co., Ltd. as 
above is seen from the large crystal ZSM-5 type zeolite catalyst, but it was discovered 
that in the reaction at a high temperature zone at around 550°C or higher which gives a 
highest yield of a lower olefin, the rapid deterioration of activity is involved. 
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Therefore, the present inventors have made extensive studies to possibly minimize the 
crystal particle diameter of a ZSM-5 type zeolite, and as a result, they could find that by 
appropriately selecting the ratio of H20/Si02 to be injected in an economical and 
convenient method for synthesizing a ZSM-5 type zeolite by heating a starting raw 
material mixture v^hich is an alkaline solution of a silica or a silica-alumina, containing 
a quaternary alkylammonium salt, under reflux at a normal pressure, a microcrystalline 
ZSM-5 type zeolite having an order of submicrons or less is obtained. It could also be 
found that the catalyst obtained by subjecting such a microcrystalline ZSM-5 type 
zeolite to an activation treatment, which has likely been conventionally performed, such 
as ion exchange and the like has very little deterioration of the activation even at a 
reaction zone at a high temperature of 500°C or higher in the reaction for the synthesis 
of a hydrocarbon using methanol and/or dimethyl ether as a raw material. Further, it 
could also be found that as for the crystal particle diameter of the ZSM-5 type zeolite, 
the size is determined, primarily highly depending on the injection molar ratio of 
H20/Si02, but the crystallization time is also an important factor in the catalystic 
reaction, and as a result, the selection of an appropriate crystallization time plays an 
important role in reducing the deterioration at a high temperature of the reaction for the 
production of a hydrocarbon. Furthermore, as mentioned herein, the appropriate 
crystallization time refers to a synthesis time until the crystallization state of the ZSM-5 
type zeolite resulting from a gradual crystallization of a gel solution of the starting raw 
material mixture is regarded to be complete, as measured by the methods such as an X- 
ray diffraction pattern, a BET specific surface area, hexane isomer adsorption resolution 
characteristics, and the like, or a synthesis time added or deduced more or less than 
several days to or from said synthesis time, respectively. If the crystallization time is 
longer, the crystal particle diameter of the ZSM-5 type zeolite itself is not changed, but 

6 



S60-251121 



the same effect as the increase in the crystal particle diameter is obtained in the reaction 
for the production of a hydrocarbon. As a result, as the crystallization time gets longer, 
the phenomenon of deterioration at a high temperature involved by the precipitation of 
cokes gets outstanding, and thus, from the viewpoint of the lifetime of a catalyst, it is 
important to select a crystallization time appropriately. According to the studies of the 
present inventors, it has been found that heating under reflux should be continuously 
performed for 6 days to 13 days, and preferably 7 days to 9 days, after the initiation of 
the reaction, in order to obtain the optimal crystallization state as shown above. 

Hereinbelow, a method for preparing a microcrystalline ZSM-5 type zeolite 
with the crystal particles having an order of submicrons or less of the present invention, 
and a conversion reaction of methanol and/or dimethyl ether using a catalyst having as a 
main component an activated ZSM-5 type zeolite obtained by the activation treatment 
of the microcrystalline ZSM-5 type zeolite obtained from the above method will be 
described in detail. 

The ZSM-5 type zeolite of the present invention is synthesized by carrying out 
a heating treatment under reflux at around 100°C at a normal pressure, using an aqueous 
mixture of an alkaline solution of silica or silica-alumina and a quaternary 
alkylammonium salt as a starting raw material. Here, the molar ratio of H20/Si02 to 
be injected and the crystallization time in this system are critical. Therefore, as the 
alkali source, the silica source, the alumina source, and the quaternary alkylammonium 
source of the starting raw material in the system, those which are commonly used for 
the synthesis of the ZSM-5 type zeolite are employable. That is, it is possible to select 
an arbitrary combination of NaOH, KOH, NaCl, KCl, waterglass, colloidal silica, silica 
sol, silica gel, sodium silicate, silica sand, aluminum, aluminum hydroxide, aluminum 
chloride, aluminum nitrate, aluminum sulfate, oxyaluminum hydroxide, boehmite, 
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pseudoboehmite, kaolin, methakaolin, acid white clay, halloysite, methahalloysite, 
TPAOH, TPACl, TPABr, TPAI, TBAOH, TBACl, TBABr [TPA=(n-C3H7)4N^, 
TBA=(n-C4H3)4N'^], and the like. The mixing ratio of the starting materials are an 
injection molar ratio, and is SiO2/Al2O3=50 to more preferably from 200 to 1200, 
H20/Si02=5 to 20, even more preferably from 7 to 11, OH7SiO2=0.1 to 0.5, further 
more preferably 0.2 to 0.4, R''/Si02 (R=TPA and/or TBA)=0.01 to 0.2, and still even 
more preferably from 0.03 to 0.07. This mixture of the starting raw materials are put 
into a reaction vessel equipped with a reflux condenser and a stirrer, and heated under 
reflux in an oil or water bath set at a temperature of 100±20°C at a normal pressure for 
6 to 13 days, and more preferably 7 to 9 days. The resulting product, a ZSM-5 type 
zeolite, was immediately washed with water, separated from the mother liquor using a 
centrifuge or a filtering machine, and then dried. In this manner, a microcrystalline 
collection of the ZSM-5 type zeolite having an order of submicrons or less crystal 
particle diameter can be obtained. 

In the case where this microcrystalline ZSM-5 type zeolite is used for the 
conversion reaction of methanol or dimethyl ether for the purpose of synthesizing a 
lower olefin, a quaternary alkylammonium salt which is an organic crystallizing agent is 
decomposed and removed at a temperature of around 500°C, and the alkali ions 
contained in the sintered ZSM-5 type zeolite are subjected to an NH4' or If^ ion 
exchange treatment, using ammonium salts or mineral acids that are usually employed, 
and sintering at a temperature of around 500°C is performed, thereby changing the 
zeolite into an active H-ZSM-5 type zeolite. Further, in order to increase the yield of a 
lower olefin and to prevent the deterioration at a high temperature to a lowest possible 
extent, this H-ZSM-5 type zeolite can also be modified with one of alkaline earth 
elements, a rare earth element, manganese, phosphorous compounds, and the like, or a 
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combination thereof. The conversion reaction of methanol or dimethyl ether using the 
activated ZSM-5 type zeolite obtained by such a method as a catalyst can be carried out 
under a operational condition of a methanol partial pressure of 0.01 to 50 atm., 
LHSV=0. 1 to 1000 h"\ and a reaction temperature of 300 to 700°C. By using the 
ZSM-5 type zeolite synthesized in the present invention, a lov^er olefin (having 2 to 4 
carbon atoms) can be prepared, for example, at a methanol partial pressure of 0.5 atm., 
LHSV=2 h"^, and a reaction temperature of 560 to 600°C in a high yield of 66% (in 
terms of carbon) and 87% (in terms of carbon) or more, and accordingly, can be used as 
a practical catalyst for conversion of methanol. 

On the other hand, for a ZSM-5 type zeolite catalyst synthesized by a method 
other than that of the present invention, the yield of a lov^er olefin begins to be 
drastically lowered at a reaction temperature of around 550°C, as seen in Comparative 
Example 1 belov^. As a result, it is of lov^ value as a practical catalyst 

Hereinbelov^, the detailed description of the present invention is provided with 
reference to Examples and Comparative Examples. 

Example 1 

In this Example, silica sol Cataloid SI-30 (Si02: 30 wt%, H2O: 70 wt%) that is 
commercially available from Catalysts & Chemicals Industries Co., Ltd. was chosen as 
a Si02 source, a commercially available special grade reagent A1(N03)3*9H20 was 
chosen as an AI2O3 source, a commercially available special grade reagent NaOH was 
chosen as an alkali source, and a commercially available special grade reagent tetra-n- 
propylammonium bromide (TP A) was chosen as an organic crystallizing agent. A gel 
solution of the starting raw material mixture was prepared in the following method. 

158.4g of Cataloid SI-30 was collected into a polypropylene Erlenmeyer flask 
equipped with a Teflon-made magnetic stirrer, having an internal volume of 500 ml, and 
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1 .698 g of A1(N03)3«9H20, 10.2 g of HaOH, and 10.8 g of TPA were added in this 
order to the solution under stirring. The pH of the white turbid homogeneous gel 
solution is about 13.5 at room temperature, and the molar ratios of each composition of 
the starting mixture are the injection ratios as follows: 

SiO2/Al2O3=350 

OH7Si02= 0.322 

TPA/Si02= 0.0513 

H20/Si02=7.83. 

Next, the Erlenmeyer flask into which the starting mixture had been put was 
equipped with a reflux cooler, and the contents of the Erlenmeyer flask were heated 
under reflux and stirring for 1 1 days in an oily bath (set at 1 10°C) equipped with a 
magnetic stirrer. The obtained product was repeatedly washed with water and 
separated in the mother liquid by a centrifuge, and the size of the crystal particles was 
measured by phase identification by X-ray diffraction measurement (XRD) using a 
CuKa-ray and Scanning Electron Microscopy (SEM). 

As a result of XRD, the obtained product showed a typical diffraction pattern of 
Na-TPA-ZSM-5 type zeolite. In addition, it could be seen that the average crystal 
particle diameter as determined by SEM was about 0.3 |Lim, and a submicron-order scale 
ZSM-5 type zeolite microcrystalline was obtained by this method. 

The activation treatment was carried out in the following manner in order to 
evaluate the physical properties of the microcrystalline ZSM-5 type zeolite catalyst thus 
obtained and the catalytic performances for the conversion reaction of methanol. A 
Na-TPA-ZSM-5 type zeolite was sintered at 500°C for 20 hours in air to thermally 
decompose the TPA, thereby obtaining an Na-H-ZSM-5 type zeolite. Then, this Na- 
H-ZSM-5 type zeolite was subjected to an ion exchange treatment with 0.6 NHCl at 
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room temperature, and then a heat treatment at 500°C for 20 hours, thereby obtaining an 
H-ZSM-5 type zeolite. For this activated ZSM-5 type zeolite catalyst, the following 
measurements of physical properties were carried out. 
Measurement of BET Specific Surface Area: 

500 mg of H-ZSM-5 type zeolite was subjected to a degassing treatment under 
vacuum under the condition of 10""^ Torr and 150°C for 30 minutes, and an N2 gas 
adsorption equilibrium experiment was carried out at a liquid nitrogen temperature to 
determine the specific surface area of a sample. The BET specific surface area of the 
sample H-ZSM-5 type zeolite of the present Example, as determined by this method, 
was 294.8 m^/g. 

Hexane isomer adsorption resolution characteristics: 
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^_r,-^pfc^;i/7i>'^-.i;A (TPA) ^ iS A> o 

;Jfrj ::fu truVH^^^^Xia tCiSB. 4g 0 Cataloid 

SI- fij^ffit L , r b 'fc *^ < 

1 . 698gCD A fi (NO 3 ) 3 • 9H 2 0. iO. 2g CO HaOH , 10.8 



ft CD ^ i^J — ^ S ?S ?S <^ pH l± ^ m . 
1 3 . 5 T' y , m ^ ?g CD ^ 1^ <Z) ^ I* 

SiO 2 /A fl 203== 350 
OH - /SiO 2 =0.322 
TPA/SiO 2 ==0.0513 
H 2 0/SiO 2 =7.83 

tc. CI (^) m ^ m:^ 4^ <d a h :^ 3? 5 x a t:. ^ 
- I5( *J t:^ (iio-c -fe >y h ) ± T' H :^ 7? 

l^-e ©IS ^ ^Kft b , CuK a «|l & ffi V^ SXfiii ifl! 

(SEM) tr ^ fe^ CO :^ ^ $ S: ^ b - 
-isn-hm-^ ^ ^ ^ <^'^^^^ ^ ^ ^ •> 

SEM * «?) ¥ *^ ^ *i 7' # ^* 0. 3 ^ Jfg & 
U, J: U -th :/ 5 n V ;t - 4'' - <^ZSH - 5^ 



1^ ^ 5 -Y h m M * e> tt ^ - i: T'J^ ^' - 
^ <^ e» b T n m ^ ZSH - 5 ^ if -5 

O . Na - TPA -ZSM- 5Stf -^^t ^ >r h S: ^^^1^500 
'CT'20I^Rgi^^ L . TPA-S: L. TNa-H-ZSM 

ZSM- 5^ if ^ -Y S & ^ i@. I-C fc^ ^^ T . 0. 6NHC X 
^ ^ V^m^^, Sr^TOfc^, SJK500r_ 20B#r^ 
jjP 1^^ $0i S U T H - ZSH - 5^ -tf ^ -< h- ^ # o CI 
c?3 m 14 ^b ZSM - 5 ^ -b? ^ ^ Y h JS* IS^ i-c o ^^ T , T IE 

500nig60H-ZSM~5^-fef ^ 5 -r h 5: 1 0 " Torr, 
BETifc^iffiSSEit 294.«Trf/g-C o 
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- e^*^ ^>H/::/i5i V(W«&:S>^S7.0A)s 3 ~ ^ ;u 

■^^•t*-VCD®5t.'<;i/X|R)ttO-7-19t:^60fco 
itt£«fg^ : 

ig(J[)H-ZSM~5^-^;4-^-Y hiSrlO"' Torr, 4 50 

-cc7)^#T-c2B$ra^^«^^i«t3a U 100 "C* 

^NH 3 £l2«|ft & iM^ L , 100~600X:fBI CD 



IS^Bg 60-251121(5) 

p?^i* 6. *ifc^i^H-2SH-5Mi^:* ^ h ® Jtt ® 
WbitO, 29»eq/gT? ib^ti. 

fift (Sip 2 /A A 2 0 3 ) : 

^*5f300iiigSr47%HF2nj fi b , m^^^yt 

/Afi 203ifcS::BC*Lfc. :r. <^ ^ o fsf;^ m X nb 
tirzUn<D^mSiO 2 /K & 2 0 3 W5Ji27n? * -D 
it, 

:^mitlii,^B^nm^^fp<^itj^^W 2 0/SiO 2 Ji; 

* , c: ® t> ® ®H-ZSM~5^i^ :?J- ^ ^ h ^ 0 ?g 
14i , IH NH 4 NO 3 ® y 0.6N HC fl S: ^ ffi L 

)tJKA^tt^j5g«a|li:|^ C^::&lS6-^t70fc„ CD 



g.; 0-7-21tr*0;l5:o 

#(i2fc ^ X -efe s - »e.nfc*^ftt±o.3/»»sffi 

(D«]|lg||ZSM-5|g-^3i- ^ K-e* c 

it; It ^ € ti310.7irf /g, 0-7-21, 0.24iBeq/g, 
466T' & O □ 

flg*ftf2hi^is-efe^e t4e.tifc&fiSt«Sjtto.3AiB<^ 

^ZSM- 5^ If ;t ^ -r h T' * O Ac o ^fc, CI© 
H-ZSM-SSy-l^ :t 5 ^ h (OBETifc^ffift , ^ -y- 
*tt«f««SJI, :feiifil±-ttt>tl3l3.3irf/g, 0 
- 9 - 23. 0. 28»eq/g-e fe O o 
^dfSM 5 



:2|C «?!| J|g i, P$ T&W 3 0 & O i^il ^1^ l± ZSM 

^;jSlf32a:: ir: 5 « ^ e. ;t i± i±o. 3 ^ » 
SJJ<o«il^fizsH-5i!-if:t h-efe-^fc. 

d CDH-ZSM-5i?-tf ;t ^ -< h ODBBTJt^ffiSJ , + 
■y- :^:|ftMl*-e*l^?*l335. 0 nf/ 
g. 0-7-2K 0. 23»eq/B-C * O , 

^^fefPlf 6 

20, *S fi^bB^ffi *'^6 0 RBT' * ^ ttZSM-5^ -If 

:4-^>r h®'^^^f|^t)?Stt<bi(as^#t>^ffifif!l2 
iilnllS-^fe-So fc^^^ttO. 6m Scons 

^^JaZSM-S^-e^^H' hT?&-3fc. H-ZSH 

-sma -< h (^BETitmrnm. ^ 4? -9- i/mt-* 

^ffifSt*Heix^Pn4l2.5irf/g. 0-9- 
23. 0. 24roeq/g-e & O fc . 
flS£*a| 7 

* « t± ilg * ^b 8^ ffl 1^ ra r * -S J!^4 ^ ZSM - 5 
IB!-fef;4^7>r N®^^^#tjStt-fb«!e3®^fl:t|lite 
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^-ZSH-5S'Jif;t ^ •< h 0QGTit^®^. ^ ^ > 
Jli±-etl-ett309.3irf/e, 0 
-7-19. a . 24raeq/gTr & O . 

:^ eZ)H-ZSM-5i^if ;t ^ >r h ® BET it 1^ ffi ^ . 

289.5 nf/g. 0 - 7 - 20, 0 . 23nieq/g 7? "3 fc . 

^^MX-ltit^^^SiOz/AQ' 2 0 3 lii 7^^800 . H 2 0/ 
SiJt T&'^fitrfe SiJU^ttZSM-S^-l^?}- -5 h 
^f^t.?S-i±<fc^!!.«ljlff^t>^lig^3fc|^lir'$.-5o 
^'itt;t^^4^?t±0.2/ii»^je©1«#g,ftZSM-5^^ 
^^-<h-efe-3fc. * ;t r - ZSM - 53^ tJ- ^ 
h ©BETJ*^ rffi ^ , >N # -tf V ^ ^ ^ ft . 



?lfj30S 60-251121(6) 

mVg, 0 - 9 - 27, 0. 185»eq/gT' ^ O ;t n 

2^ flflj -e ^i tt *. H 2 o/s?S^ /j> 1 0 . 6 T' *) s Bii z 

^ ^ 9 1^ ^ . t# ^ tu i?^ 4^ 0 . 3 

^immj^«Z)^ii^^ZSH-5^Jif;t5^ ht?&Ofc„ 

fi 2 0 3 ifc f± tt315. 7nf/g. 0-9-23. 0,15 
5raeq/e, 874 -e £fe O o 

^/jSf^il 1 1 

m it ^ ^ ^ m m K 0 . sfi iic ^ ^ m v> ^ 

y tc ?a6N HC ^ ^ tiZSM - 5ii! -fef ^ 

h ^ iife ^ f 14 ^ S ^ fT' ^ fife 3 t (r1 l; 
T'*>ec t# e» tt J^-^fiJc«^ t±0.3 ni^^<^ rf&ZS 

ss, ^m-M. mmsi0 2/^^t ?. 0 3 it ti ti 

261.1mVg, 0-7-19, 0.20meq/g, AT B 7: -O tzL . 



:^mit mm mil ^ ^it^m-t ^ ^ t k ^•r:ix 

ti^fzZSH- 5M-i^ ^ ^ t-(Z)5g&500rofi(7)lM- 
Ca(OCOCH 3 ) 2 ?Km?StC1^!S L , iOOX:(Dmm±V 

7.\^u - ^ femora: Lioo-ctr$£«S[ l fc, 

r CDCa^^ZSH-SMif 5*- ^ -f h fs^ m ^ 0} n'MCa^ 

tio, 2Hwt % r- U . ^:tBETit^ffi^, ^ dp -9- > 

-t tt 256. 7 rrf /g, 0-7-21, 0.20meq/g, 

557t: o fc « 
H 3!ffi fPJ 1 3 

i3^-^f:^ z, h h s *S * B# *n 2 H t? ^ 

^ t± ^ife ^ % ^ ^ ?i ^ # =t , mmm^ii 

i: T' ^ „ To ti ^: fife 1^ I* 0 . 3 HI S CO 

ife:®El:ti-?:*t^?tL324rrf/g, 0-7-21. 0.107Bieq/ 
g-e & -3 /i . 

1 4 



Ca - ZSM - Sgi! 7 -< h , H - U ?{l 7 h 

o T 1 ~13i:J^^JL|^l^.5^:li:^c•rs)i: 

^ y _ ^ j£ 0 . 5 ^ it n ^ cfc o y ;l/ if V -e 

b ^ Sl^if & ^ 3^ >^ - ;b^ltLHSV = 2h - ^ 

A^'ogflJ&b, 2B#IHI ^ lC340r . 360r, 400*'C, 
440t:, 500'C, 560-C, 600T:tC|$^L, # T 

^-U^tii&jBi^*' u y Oi^^yM^ < ^^^JS/^' 

mJfg 500 "C SOO'C CO W W cfc ^ > ^ y - 

;u $i ^ . <fc 5^ . # ^- jife ^1^ C7) $R 45 ^ 

^^%-C:|^tibfco ^ <D ^ fi^ 1^ m ^ ti^ ^ 

plc, >t:%n^-??^^$tifczsH-5^^pi-^^ hil^ 

j^(Ca'^^ZSM~5^if:?J-5>r h. H-i/U^J^Y h 

t>'^s?>.r)tt, 550T:5af^<:o^JSia® iiSx.T 



-112- 



^BBS 60-251121(7) 



C 2 ' : i ^ L/ V 

C 2 ; Jt ir y 

C 3 ' : D f U > 

C 3 : y D > 

C 4 ' : y -r V 
i-C4: 

C 5 ' 1^1/7-1/ 

C 5 : ^ V 4« 



^ - 1 (I) 



# # 


1 


2 


3 


4 


^ ^ ^ # 


Si/A a 2=350, H2 0/Si=7.83 
100"C-11B 


Si/Afi 2 =350, H20/Si=10.6 
100"C-7a 


Si/Ail 2 =350, H2 0/Si=10.6 

ioor-8t3 


Si/Afi 2 =350. H2O/Si=l0.B 

ioo°c-9a 


jS JCe? ?a 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 




100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 




100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


(%) 


CO 


2.43 


4.64 


. 5.49 


9.16 


0. 17 


0.46 


0.61 


2.33 


0.08 


0.25 


0,45 


1.87 


0.66 


1.68 


1.84 


2.44 


CO 2 


0.07 


0.16 


0,21 


0.28 


0,06 


' 0.10 


0.11 


0.28 


0.05 


0.08 


0.10 


0.16 


0.09 


0.12 


0.16 


0.19 


CH 4 


1.08 


2.48 


3.71 


6.94 


0.42 


0.96 


1.44 


2.96 


0.67 


1.38 


2.12 


4.42 


0,95 


1.91 


2.69 


5,14 


C2' 


14.38 


14.67 


13.29 


12.75 


11.09 


16.3-3 


16.53 


16.87 


13.32 


15.41 


15.54 


16.81 


14.53 


16.74 


16.35 


17.35 


C2 


0,27 


0,33 


0.34 


0.45 


0.14 


0.26 


0.31 


0.39 


0.19 


0.26 


0.30 


0.43 


0.25 


0.34 


0.38 


0.52 


C 3' 


28.80 


30.17 


30.54 


2d. 07 


31.75 


36.96 


37.77 


37.27 


32.57 


35.65 


37.62 


35,50 


31.97 


34,38 


35.56 


35.06 


C 3 


LOS 


0.77 


0.46 


0 


0.90 


1.00 


0.43 


0 


1.20 


0.97 


0 


0 


1.38 


0.88 


0.32 


0 


C4' 


12.90 


10.39 


9.62 


8.45 


8.12 


7.21 


6.87 


5.85 


10.33 


8.95 


8.86 


7.45 


7.00 


6.01 


5,67 


4.95 


i -C4 


6.33 


5.35 


4.77 


2.57 


2.80 


3.08 


2.82 


1.22 


4.72 


3.97 


2.90 


1.02 


3.72 


3.45 


2.44 


1.34 


n 4 


1.52 


1.07 


0.89 


0.65 


1.00 


0.97 


0.54 


0.24 


1.10 


0.70 


0.52 


0.24 


] .26 


1.02 


0.39 


0.31 


C 5' 


l.l-l 


0.3-1 


0.58 


0.08 


1.01 


1.05 


1.45 


0.42 


1.91 


0.09 


0.47 


0.17 


2.62 


0.37 


0.48 


0.49 


C5 


6.81 


5.75 


5,30 


3.62 


6.0G 


6,36 


6.06 


4.15 


6.49 


5,75 


4.88 


3.03 


5.39 


4.73 


4.10 


2.94 


^ life 


22.35 


23.89 


24.81 


25.99 


36.49 


25.25 


25.06 


28.03 


27.40 


26.54 


26.25 


28.89 


27.98 


28.36 


29.63 


29.26 


(C2' +C3' )I&J^(C-%) 


43.18 


44.84 


43.83 


41.82 


42.84 


53.30 


54.30 


54.14 


45.89 


51.06 


53.16 


52.31 


46.50 


51,12 


51.91 


52.41 


(C2' ~C4' )ilJl4s(C-%) 


56.08 


55.23 


53.45 


50.27 


50.96 


60.51 


61.17 


59.99 


56.22 


60.01 


60.02 


59.76 


53.50 


57.13 


57.58 


57,36 
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)\^ 'BlXJ^ / X\t: )V - ^ )V i)^ h UM-t ^ tz. 

-i?'-J[illTCO^^/^3|5i^4i^%-OZSM-5^if:3t^-r 

V ^ ^ hi^W^ ti ^ . 

^ - 12S: J&I T r ^ L 

.W: 515 T 12 ® ii U T * . 

C2' +C3' I ^ U + zf U \^ \> > t\ 
C2' ~C4' ; .X ^ u V + 3^ a H" U y + y 5" > 



!*Ba 8360-251121(8) 

« - 1 (2) 



^ m m 


5 




2=35C 
-6H 


6 


7 


8 


^ «R ^ 


Si/AC 2=350. HzO/Si^lO.e 

iaoT;-i3a 


Si/A 
100°C- 


1, H2 0/Si=20 


Si/Afl 2=350, H2 0/Si=20 
100t:-8B 


Si/Aj& 2=500, HzO/Si = 10-6 

ioor-8 0 




5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 




iOO 


100 


100 


100 


99.43 


100 


100 


100 


100 


100 


IOO 


99.25 


100 


100 


IOO 


IOO 




iOO 


100 


100 


100 


99.43 


,100 


100 


100 


99.97 


99.94 


99.95 


99.18 


100 


100 


100 


100 


m 

(.%) 


CO 


0.07 


0.30 


0.78 


3.42 


0.94 


5.06 


2.34 


1.59 


0.18 


1.01 


1.28 


2.12 


0.25 


0.90 


0.95 


1.81 


CO 2 


0.04 


0.07 


0.10 


0.16 


0 


0.02 


0.03 


0.03 


0 


0 


0 


0 


0.05 


0.10 


0.13 


0,18 


CH 4 


0.49 


1.10 


1.74 


3.84 


0.55 


^.56 


3.02 


4.10 


0.92 


1.76 


2,75 


6.57 


0.52 


1.27 


1.89 


3.91 


C 2' 


12-39 


15.79 


15.49 


15.85 


10.77 


14.97 


14.41 


16.75 


13.07 


17.22 


18.37 


20.23 


12.90 


15.63 


15.25 


15,99 


C 2 


0.15 


0.22 


0.24 


0.36 


0 


0 


0.35 


0.5Z 


0 


0 


0 


0 


0,18 


0.27 


0.30 


0.45 


C 3' 


39.39 


42.10 


43.58 


39.54 


35.02 


37.89 


36.43 


37.46 


36.55 


39.41 


40.17 


37.83 


34.95 


37.78 


38.37 


36.54 


C3 


1.02 


0.57 


0.36 


0 


2.17 


1.90 


1.65 


1.16 


2.01 


1.80 


1.43 


0.87 


1.06 


0.36 


0.33 


0 


C4' 


15.81 


13.37 


12.83 


10.10 


16.63 


13.74 


12.13 


10.80 


16.21 


13.51 
2.61 


12.33 


9.75 


11.88 


9.96 


11.55 


9.66 


i -C 4 


3.61 


3.21 


2.63 


1.07 


2.74 


2.01 


1.95 


1.21 


2.92 


2.08 


0.96 


2.82 


2.27 


1.73 


0.60 


n-C4 


1.12 


0.67 


0.55 


0.21 


0.81 


0.62 


0.53 


0.35 


0.82 


0.68 


0.52 


0.29 


1.03 


0.83 


0.77 


0.13 


C5' 


4.38 


1.45 


1.51 


0.67 


5.42 


4.27 


3.84 


3.10 


5.40 


3.66 


2.75 


0.03 


0.64 


0.37 


0.23 


0.22 


C 5 


6.75 


5.88 


5.46 


3.57 
21.21 


6.75 


3.98 


3.11 


2.00 


4.78 


4.19 


3.60 


2.40 


3.36 


2.83 


2,46 


1.76 


^ 0 ffe 


14.80 


15.26 


14.72 


19.20 


12.97 


20.18 


21.92 


17.13 


14.17 


14.74 


13.96 


30.37 


27.44 


26.02 


28.75 


{cr +C3' )Jij(2^(c-%) 


51.78 


57.69 


59.07 


55.39 


44.53 


52.86 


50.84 


53.21 


49.61 


56.60 


58.52 


57.58 


47.85 


53.41 


53.62 


62.53 


(c2' ~C4' )Jia^(c-%) 


67.59 


71.26 


71.90 


65.49 


61.06 


66.60 


62.97 


64. 11 


65.82 


70. 10 


70.85 


67.25 


59.73 


63.37 


65.17 


62.19 



- 1 (3) 



u. m ^ ^ 


9 


1 0 


1 1 


I 2 


^ ^ # 


Si/Afi 2 =800, H 20/Si=8 

loor-aB 


SiyAfl 2 =800, H20/Si = 10,6 

loo'c-ag 


Si/Afl 2 =350, H 20/55 = 10.6 

ioor-80 


Si/Afi 2 =350, H 20/51=10.6 

loor-ea 


}^ u m%) 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 


5 0 0 


5 4 0 


5 6 0 


5 0 0 


5 0 0 


5 4 0 


5 6 0 


6 0 0 




100 


100 


100 


100 


100 


100 


100 


100 


99.51 


100 


100 


100 


100 


100 


100 


99.91 






100 


100 


100 


100 


100 


100 


100 


100 


99.51 


99.96 


99.90 


100 


99.88 


99.86 


99,95 


99.80 


m 
(%) 


CO 


0.03 


0.06 


O.U 


0,33 


0.12 


0.41 


0.39 


0.54 


0.25 


2.39 


1.58 


99.90 


0 


0 


0 


0.09 


CO 2 


0.08 


0.10 


0.12 


0,15 


0.04 


0.05 


0.05 


0.08 


0.09 


0 


0 


1.19 


0 


0 


0 


0 


CH4 


0.25 


0.55 


0.74 


1.53 


0.38 


0.63 


0.86 


1,74 


1.21 


1.73 


1.95 


0 


0-36 


0.64 


0.93 


1.76 


C 2' 


9,54 


13.17 


15.50 


17.35 


9,61 


13.40 


15.08 


18.08 


10.83 


14.86 


17.07 


3.39 


8.75 


12.83 


15.00 


18.34 


C 2 


0.11 


0.19 


0.26 


0.36 


0.08 


0.14 


0.18 


0.29 


0 


0 


0 


18.41 


0 


0 


0 


0.33 


C 3' 


38.84 


42.59 


42.86 


43.78 


42.54 


45.29 


46.07 


45.67 


37.95 


41.20 


42.14 


0 


47.59 


50.03 


50.76 


49.27 


C3 


0.52 


0.36 


0.37 


0 


0.29 


0.21 


0.07 


0 


1.51 


1.38 


1.34 


42,32 


0.73 


0.69 


0.65 


0.55 


C4 ' 


16.99 


14.97 


13.39 


12.00 


17.33 


15.49 


14-59 


12.61 


19.41 


16.55 


15.33 


0.99 


27.82 


24.60 


23.25 


19-81 


i -C4 


1.77 


1.56 


2.03 


1.19 


1.26 


0.89 


0.72 


0 


2.14 


1.78 


1.97 


13.43 


1.03 


0.77 


0.68 


0.47 


n -C 4 


0.70 


0.41 


0.84 


0.34 


0.31 


0.24 


0.24 


0.11 


0.71 


0,58 


0.55 


0.43 


0.33 


0.28 


0.28 


0.19 


C5' 


1.12 


0.57 


0.37 


0.04 


1.04 


0.30 


0.79 


0.38 


5.63 


3.58 


2.76 


1.44 


6.69 


4.35 


3.11 


1.75 


C5 


3.52 


3.16 


2.97 


2.49 


5.31 


4.60 


4.33 


3.54 


4.60 


3.92 


3.77 


3. 13 


0.13 


0.09 


0.07 


0 


^ 0 m 


26.53 


21.71 


20-44 


20-46 




18.35 


16.63 


16.96 


13.65 


12.06 


11.53 


13.80 


6.57 


5.71 


5.27 


7.44 


(C2' +C3' )iias^(c-%) 


48.38 


56.36 


58.36 


61.13 


52. 15 


58.69 


61.15 


63.75 


48.54 


56.04 


59.15 


60.67 


56.27 


62.77 
87.34 


65.73 


67.47 


(C2' -04' )i|a4i<c-%) 


55.37 


71.33 


71.75 


73.13 


69.48 


74.18 


75.74 


76.36 


67.85 


72.58 


74.46 


74-09 


54,06 


88.97 


87.24 
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^ - 1 (4) 





f4 # ^ 


1 3 




fi£ ^ 


Si/A j2 


2=<». H2 0/Si=10.6 






lOO'C' 


— 1 9R 








5 0 0 


5 4 0 


5 6 0 


R A 
D U U 






98. 38 




1 nn 

iUU 


lull 




98.38 


98. 58 


99. 92 


1 nn 

lUU 




CO 


1 89 


1 ftn 

1 . OU 


1 


1. 00 




CO 2 


Q 


Q 


n 


n 
u 




CH 4 


0. 92 


1 ^9 
1 . 


1 . Dtl 


Z. 4/ 




C 2' 




4, <5 / 


5. 92 


8. 20 




C2 


0 


0 


0 


0 




C 3' 


OB 1 R 


32. 'Jl 


33. 66 


33. 27 




C3 


0. \A 


0. 15 


0. 15 


0. 15 




C4' 


12»67 


13.18 


13.21 


12.14 




i -C4 


0.48 


0,33 


0.28 


0.20 




n -C4 


0.08 


0.08 


0.09 


0.07 




C 5' 


7.20 


7.38 


7.10 


5.69 




C5 


3.22 


2.91 


2.83 


2.50 


(%) 


<5D flil 


4L76 


35.56 


33.74 


33.94 


(C2' +C3' )ItKM«(C-%) 


31.11 


31.95 


39.55 


41.47 


(C2' -C4' )l&i^(C-%) 


43.57 


43.88 


52.75 


53.61 



KiaBS 60-251121(9) 

5 

S: SOOd fi © 1H NH 4 H 2 PO 4 L , 100 

•c® »fS-htf mfai31«ftp*ft & fro fcgi, fcf£*i 

ioo-cT'$g5li b 3t o ^ CD cfc e» L r ^§ tl fcP~ 

hSrS e>H 500t:-^20B#W^^^& 

Afi 2 0 3 it ii -f: ti-f tl0.668wt% . 338.3Trf/g. 0 
- 9^2¥?T72T' * o fe . ftv^tr, c:0fl*|Jf2»A$: 

^ 1^ J* , ^ ^ y - yb/ T ;i/ =1' :y it; = 1 : K >t 3^ 
y - ;i/«55^LHSV = 2h - ^ , M^5m;K550-CC?)S*& 

^¥^-^'^ikWkn^Vi.m%riar>fz,, -t « * • ^- 

3^ fs 2^ ism ffi ti <D 181 100 % (j^ ^ J£ jfi ) 0 

m$:3(t^tL. 13mra@CO(C2' +C3' )COJ|SlJ^i± 
50.38, C2' —04' «lBl^tt62.02 % (iS^^SSJH) & 



u r )^ . * fcii3^M a * (c2' -c4' ) 

te ^ - ^ >f JU^(D^1(^m « «(Ger,Pat. . 

2935863) K m B ^ ti X ^ m,M ^ . Ivt % ^ ± 

mm^riS 0 . % (0 IK » iS ^ <b Sfi A 
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?*liaBg 80-251121(10) 

m - 2 (1) 



rif:6mm (h) 


1 c; 
1 J 


0 c: 
Z o 


Z U 


•5 n 
L 1 




a U 


o u 


o U 


o o 


7 0 


/ o 




Q n 
a U 


y / 


105 


111 


pi ^ ->i^4a^b4^ (%) 


99. 98 


99, 87 


99, 78 


10 0 


10 0 


10 0 


99. 96 


10 0 


10 0 


10 0 


99. 92 


10 0 


10 0 


10 0 


1 0 0 


1 0 0 


m^m^m {c-%) 




QQ ft7 


QQ 7fl 

yy. /o 


inn 
i u u 


1 n n 
J. u u 


1 Q A 
1 U U 


QO Ql^ 

yy . yo 


inn 
1 u u 


1 n n 
J. u u 


inn 
i u u 


QO QO 

yy . 


1 n n 
J. U u 


1 n n 
J u u 


inn 


1 n n 


1 n n 
1 u u 

n m 

U. Ui 




c o 


Q 


Q 


0 


Q 


Q 


Q ni 


fi ni 


n 


u 


u . U I 


n 
u 


n n T 

u . U 1 


u 


n m 

u . Ul 


U . Ul 


C O 2 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


Q 




Q 


Q 


Q 


Q 


C H /J 
G 2 ' 


1 n QQ 


0. 46 
in ^f; 


0. 46 


0 . 47 

LU. <J 


0, 5 


0. 5 


0. 52 


0.52 


0. 53 


0 . 56 


0. 56 


0 . 57 


0. 57 


0. 68 


0 . 68 


0 . 68 


I u . uo 


in 10 
lu. ly 


1 n ft*/ 

J U . uo 


Q Ql 

y . y i 


xi^ l 4 


D . uy 


y . D 


Q AO. 


y. zi 


ft Qc; 
a. yo 


ft U 1 


ft flO 


C2 


0.11 


0. 09 


0. 09 


0. 1 


0. 09 


0. 1 


0. 1 


0. 1 


0. 1 


0. 09 


0.1 


0. 09 


0. 1 


0. 09 


1 . 09 
47. 5 


0-08 
46. 62 


C 3' 


47. 13 


47. 86 


47. 77 


47. 92 


48. 15 


48 


47.78 


47. 62 


47. 31 


47. 55 


47 . 58 


47. 28 


46. 9 


47. 73 


C3 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


C4' 


13.56 


13. 56 


16.35 


13.6 


16. 57 


16. 56 


16, 48 


16. 57 


16. 48 


16.65 


16. 58 


16. 41 


16. 28 


16. 29 


16. 16 


16. 25 


i -C4 


0.65 


0 


0 


0 


0 


0. 7 


0. 7 


0. 7 


0. 56 


0.79 


0. 54 


0. 68 


0.75 


0 


0 


0. 63 


n -C4 


0.25 


0. 15 


0.2 


0.21 


0.23 


0.4 


0. ]9 


0.2 


O.ll 


0.44 


0.11 


0.24 


0.25 


0.28 


0.21 


0.18 


C5' 


0-58 


1.99 


0.63 


2.23 


2.37 


0.59 


D.58 


1.37 


2.25 


2.12 


2.6 
3.16 


2.72 


1.03 


2.65 


2.25 


2.62 


C5 


3.07 


3.09 


3.06 


2.86 


3.08 


3.14 


2.95 


3.08 


3.07 


3.05 


3.U 


3.05 


3.04 


2.98 


2.99 


^e CO ftfe 


23.25 


22.44 


21.09 


22.31 


18.95 


19.81 


20.66 


20.02 


19.82 


19.04 


19.16 


19.42 


21.86 


20.28 


21.21 


21.32 


(C2' +C3' )l|R5|S(C-%) 


58.19 


58.14 


57.99 


58.22 


58.23 


58.19 


57.79 


57.43 


57.08 


57.24 


57.13 


56.74 


56.11 


56.68 


56.31 


55.24 


(C2' ~C4' )ilX^(C-%) 


71.75 


7K6g 


74.31 


71.82 


74.8 


74.75 


74.26 


74 


73.56 


73.89 


73.7 


73.15 


72.39 


72.97 


72.47 


71.49 



2 (2) 



;xjt&»#ftfl (h) 


121 


123 


127 


131 


135 


137 




(%) 


1 0 0 


1 0 0 


1 0 0 


1 0 0 


98.84 


98.04 




1 0 0 


1 0 D 


1 0 0 


99.95 


98.37 


96.91 




CO 


0.01 


0.02 


C.02 


0.03 


0.04 


0.04 




CO 2 


0 


0 


0 


0 


0 


0 




CH 4 


0.89 


0.91 


0.94 


0.96 


1.01 


1.07 




C2' 


7.57 


7.09 


7.77 


8.47 


7.37 


6.99 




C 2 


0.08 


0.08 


0.08 


0.09 


0,09 


0.08 




C3' 


45.65 


45.07 


44.24 


41.94 


37.31 


38.24 




C3 


0 


0 


0 


0 


0 


0 




C4' 


16.03 


15.61 


12.57 


11.64 


13.84 


13.6 




i - C 4 


0.51 


0.45 


0.53 


0.61 


0 


0 




n - C4 


0.1 


0.08 


0.09 


0.1 


0.06 


0.05 




C5' 


3.34 


1.82 


3.31 


3.48 


0 


4.17 




C 5 


3.07 


3 


3.14 


2.99 


2.94 


3,05 


(%) 


■le 60 # 


22.75 


25.86 


27.32 


29.69 


37.34 


32.71 




53.22 


52. 16 


52.04 


50.38 


43.95 


43.83 


{cr - 


C4' )IR^(C-%) 


69.25 


67.77 


64.61 


62,02 


57.57 


57.21 



nmm i e 

^ SS M 10 -e 6 us |§ * H - ZSM - 5^ -fef 7 

^Bg^l5(^P^^ZSM-59^if ^ T> ^ K 

^{bt*i2iB#ra^*> 1x^^100% &«(il#bT:*? u > ^ 

-e & -5. H - ZSM - 5^ -fef 7 -< h m Xf^ Wl '45 it \Z 
5i v^ CI A'* ?!>^ ^> . fc it; K CO ;^ «t) tc, ^ <? u :^ 

7!r - ^ - </)1^I^-^^ -< X ^ oil-ZSM - 5^ -bf ^ 

^Wl^ 1 

j«iiSS^{^*^##i' )$r^-4tc5^-r';^/^^# 
tr b n ^: « [1 - Z.SH - 5 ^ ■fe' :^ ^ ^ to 1^ 
4^ -14 l± ^ - 3 7T< ^ ^ M U -C ^ . ^ f4 # ^ 1 ' 
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?liaB3C0-25ll2l(11) 



jfm^^^T ^fig u )t *> 0 T' ^ « j&fc, ^ 

% CD IS S 6& <b jli r y ^ i 4: , «f tc ;t - 

m^iy'^ ti ^ ^ t . fcin &rmmtiiif^.-:^^'v 

^ )Kf ^ AWJ> ^ < T t * <b 1^ (ffl * ^ T' ^ L 
t :iC>^ *> * o 



I 

m 



\ 



1^ tI|^ 



If 
G 



V 



^ - 4 (1) 



m. n m ^ 




2' 


3' 


4' 


^ ^ ^ w 


Si/Afi 2 =350, H20/Si=7.83 
i60r-48B#ra 


Si/Afi 2=350, H2 0/Si=10.6 
160-C-28B#ra 


Si/Ail 2 =350, H2 0/Si=40 
l60'C~48B#ra 


Si/Afi 2 =350, H2O/S 
lOO''C-70 


i = 120 


JK jE£? ©. m(%) 


500 


540 


560 


600 


500 


540 


560 


600 


500 


540 


560 


600 


500 


540 


560 


600 




100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


90.47 


100 


100 


100 


100 




100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


99.67 


72.87 


100 


100 


100 


99.3 


m 

(%) 


CO 


0 


0 


0 


0 


3.26 


19.29 


13.35 


13.37 


O.07 


2.06 


12.89 


40.58 


0 


0.84 


2.78 


10.84 


CO 2 


0.04 


0.68 


1.96 


7.44 


O.IO 


0.23 


0.35 


0.55 


0 


0.08 


1.14 


3.22 


0 


0 


0 


0.45 


CH 4 


1.97 


5.46 


9.30 


13.58 


2.85 


0 


9.29 


17.52 


1.24 


4.25 


11.94 


27.42 


1.79 


4.95 


10.44 


22.00 


C2' 


16.23 


17.57 


14.60 


4.66 


15.11 


13.19 


14.35 


11.93 
0.73 


14.19 

0 


17.05 


12.88 


2.23 


14.93 


18.49 


17.38 


10.34 


C2 


0.66 


0.91 


1.01 


0.77 


0.54 


0.56 


0.64 


0 


0.72 


0.87 


0.62 


0.94 


1.02 


0.94 


C3' 


35.32 


33.61 


27.72 


6.80 


31.05 


24.69 


26.58 


22.06 


32.57 


31.39 


19.15 


2.25 


29.45 


31.33 


28.57 


16.45 


C3 


3.44 


2.02 


1.14 


0.22 


1.80 


0.22 


0 


0 


2.87 


2.07 


0.82 


0.07 


5.15 


3.65 


2.11 


0.61 


C 4 ' . 


14.07 


9.97 


7.16 


0.33 


14.18 


8.08 


8.39 


6.50 


14.39 


10,40 


1.69 


0 


12.63 


9.98 


7.76 


1.47 


i -C4 


2.35 


1.03 


0.60 


0.08 


2.30 


0.84 


0.68 


0.35 


2.71 


1.45 


0.60 


0 


5.01 


3.41 


2.40 


0.76 


n -C 4 


1.06 


0.53 


0.2B 


0 


1.30 


0.41 


0.21 


0.09 


0.96 


0.57 


0.22 


0 


1.72 


1.02 


0.55 


0, 19 


C 5' 


3.91 


1.85 


0.03 


0.06 


0.92 


0.36 


0.45 


0.26 


4.83 


2.88 


3.27 


0 


4.36 


2.58 


0.61 


2.23 


C5 


3. 67 


2.33 


1.64 


0.27 


4.35 


2.18 


2.52 


1.81 


4.05 


2.67 


1.67 


0.21 


4.51 


3.36 


2.54 


1.51 


0 it^ 


17.26 


24.05 


34.55 


65.80 


22.26 


29.95 


23.19 


24.82 


22.11 


25.13 


33.02 


22.14 


19.83 


19,87 


23.83 


32.20 


icr + 


C3' )i\5i^(C'%) 


51.55 


51.18 


42.32 


11.46 


46.16 


37.88 


40.93 


33.99 


46.76 


48.44 


31.92 


3.99 


44.38 


49.82 


45.95 


26.61 


(C2' ~C4' )IISl^(C-%) 


65.62 


61.55 


49.48 


11.79 


60.34 


45.96 


-19.32 


40.49 


61.15 


58.84 


33.60 


3.99 


57.01 


59.80 


53.71 


28.07 
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»IBBSG0-25112l(ie) 

« - 4 (2) 



1^ m m ^ 


5' 


6' 


7' 


8' 


^ fiSL ^ f¥ 


Si/Aft 2 =350. H2 0/Si = 30 

ioo°c-ua 


Si/A A 2=350, H2 0/Si=40 
lOO-C-llB 


Si/Afl 2=350. Hz OA 

ioor.~4H 


5i=10.6 


Si/Afl 

loor- 


2=350 

-140 


H 2 OA 


5i=il0.6 




500 


540 


560 


600 


500 


540 


560 


600 


500 


540 


660 


600 


500 


540 


560 


600 




100 


100 


100 


100 


100 . 


99.70 


96.91 


92.38 


82.34 


84.42 


64.09 


65.80 


100 


100 


100 


100 




100 


100 


100 


100 


100 


99.54 


94.62 


84.12 


0 


3.34 


3.59 


2.30 


100 


100 


100 


100 


m 
(%) 


c o 


5.48 


17.36 


26.50 


36.49 


8.12 


16.89 


18.70 


31.53 


17.66 


12.24 


7.77 


7.02 


0.38 


1.43 


5.94 


22.19 


C O 2 


0.09 


0.26 


0,45 


0.98 


0.08 


0.18 


0.26 


0.41 


0 


0 


0 


0 


0.09 


0.17 


0.67 


2.22 


CH 4 


1.72 


4.64 


6.96 


12.00 


2.00 


4,37 


6.74 


13.45 


0 


0 


0.33 


0 


2.15 


4.63 


8.30 


16.17 . 


C2' 


15.55 


14.91 


12.32 


9.31 


13.33 


12.95 


10.70 


8.10 


0 


0 


0 


0 


14.15 


18.54 


17.40 


15.14 


C 2 


0.-51 


0.53 


0.57 


0.76 


0.36 


0.45 


0.51 


0.81 


0 


0 


0 


0 


0.41 


0.71 


1.18 


2.39 


C 3' 


30.59 


26.56 


22.25 


13.00 


25.81 


21,75 


17.14 


10.63 


0 


0 


0 


0 


33.91 


29.37 


21.33 


10.49 


C3 


1.35 


0 


0 


0 


2.33 


0.68 


0 


0 


0 


0 


0 


0 


0.19 


0 


0 


0 


C 4 ' 


13.45 


8.20 


6.04 


2.93 


11.33 


7.20 


5.71 


3.65 


0 


0 


0 


0 


13.29 


8.73 


5.30 


2.04 


i -CA 


3.15 


2.17 


1.66 


0.49 


3.53 


3.25 


3.22 


1.22 


0 


0 


0 


0 


1.15 


0.35 


0.12 


0 


n -C 4 


1.20 


0.70 


0.29 


0.08 


1.28 


0.80 


0.65 


0.20 


0 


0 


0 


0 


0.37 


0.16 


0. 10 


0 


C 5' 


0.57 


0.28 


0.18 


0.13 


0.80 


0.62 


1.10 


0.37 


0 


0 


0 


0 


2.01 


0.67 


0.33 


0.2 


C 5 


4.83 


3.07 


2.22 


0.83 


4.51 


3.59 


3.37 


1.54 


0 


0 


0 


0 


4.36 


2.73 


].61 


0.66 


^ <D ^ 


21.61 


21.32 


20.56 


23.01 


26.72 


27.26 


31.89 


28.11 


0 


0 


22.22 


24.88 


27.57 


32.52 


37.74 


28.50 




C3' )lR^(C-%) 


46.14 


41.47 


34.57 


22.31 


39.14 


34.54 


26.34 


15.76 


0 


0 


0 


0 


48.05 


47.91 


38.73 


25,63 


(C2' -04' )lR*(C-%) 


59.59 


49.67 


40.61 


[25.24 


50.27 


41.71 


31.74 


18.86 


0 


0 


0 


0 


61.34 


56.64 


44.03 


27.67 
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